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MOTOR  GASOLINE;    PROPERTIES,  LABORATORY  METHODS  OF 
TESTING,  AM)  PRACTICAL  SPECIFICATIONS. 


By  E.  W.  Dean. 


INTRODUCTION. 

One  of  the  most  desirable  conditions  to  be  attained  in  the  develop- 
ment of  technical  or  commercial  undertakings  is  that  producers  and 
users  shall  be  able  to  determine  the  relative  desirability  of  commodi- 
ties on  the  basis  of  simple  and  accurate  tests.  Such  a  condition  has 
not  yet  been  reached  in  regard  to  petroleum,  and  many  persons  be- 
lieve that  satisfactory  specifications  for  the  purchase  of  petroleum 
and  its  products  can  not  be  prepared  on  the  basis  of  laboratory  tests. 
Claims  are  frequently  made  that  the  only  adequate  test  for  gasoline 
or  any  other  petroleum  product  is  that  of  actual  use. 

Such  claims,  it  is  hoped,  may  soon  be  proved  extreme  and  unten- 
able, but  the  fact  remains  that  the  drawing  of  specifications  for  the 
purchase  and  sale  of  petroleum  products  has  not  yet  been  accom- 
plished with  any  great  degree  of  satisfaction.  The  present  paper 
is  not  published  as  a  last  word  on  even  one  phase  of  the  subject,  but 
is  intended  to  aid  the  public  in  becoming  generally  acquainted  with 
methods  of  testing  gasoline,  in  the  hope  that  a  sufficiently  wide 
application  of  the  principles  set  forth  will  result  in  perfecting  speci- 
fications as  satisfactory  as  those  used  in  transactions  involving  many 
other  commodities. 

During  the  spring  of  1916,  the  Bureau  of  Mines  began  to  collect 
information  regarding  specifications  then  employed  for  petroleum 
products.  From  replies  to  letters  written  to  various  agencies  it 
learned  that  few  if  any  purchasers  had  satisfactory  standards  for 
these  commodities,  and  especially  for  gasoline.  In  the  few  attempts 
made  to  define  the  quality  of  motor  fuel,  many  of  the  specifications 
were  either  inadequate  or  unreasonable. 

Specific  gravity  is  the  property  by  which  gasolines  have  been 
most  generally  differentiated,  but  under  present  conditions  a  specific 
gravity  determination  is  entirely  inadequate;  it  may  give  a  high  rat- 
ing to  a  poor  gasoline  and  a  low  rating  to  a  good  one.  More  ade- 
quate testing  methods  are  now  being  employed,  but  these  are  not 
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always  satisfactory  and  are  not  thoroughly  understood.  The  gen- 
eral tendency  has  been  either  to  specify  tests  that  are  unreliable  or 
else  to  make  requirements  unreasonably  severe.  Many  buyers  still 
believe  that  only  "straight"  refinery  gasolines,  free  from  casing- 
head  and  cracked  products,  are  desirable,  and  the  tests  they  require 
discriminate  against  a  large  part  of  the  present  market  supply  of 
gasoline. 

The  analytical  methods  used  for  testing  gasoline  are  of  fairly 
recent  development  and  the  published  descriptions  of  them  are  not 
found  in  standard  textbooks.  Some  of  the  methods  are  decidedly 
unsatisfactory,  having  been  devised  to  meet  immediate  needs  when 
time  did  not  permit  thorough  study  of  the  factors  involved.  These 
methods  meet  tolerably  well  the  needs  of  refiners  who  possess 
information  regarding  the  sources  of  raw  material  and  the  method 
of  production,  but  they  do  not  suffice  for  the  chemist  who  is  given 
a  sample  of  gasoline  and  requested  to  make  a  comprehensive  state- 
ment of  its  properties.  Some  of  the  tests  in  use  are  not  standardized, 
and  there  are  substantial  differences  in  the  methods  of  conducting 
them  in  various  laboratories. 

Also  there  is  a  lack  of  knowledge  regarding  the  practical  inter- 
pretation of  the  results  obtained  in  the  laboratory,  the  general 
tendency  being  to  overemphasize  the  importance  of  some  particular 
figure.  Specific  gravity  formerly  was  considered  a  complete  index 
of  the  properties  of  a  gasoline.  At  present  there  is  danger  that 
overemphasis  may  be  placed  on  some  other  equally  unimportant 
factor.  One  of  the  chief  objects  of  this  paper  is  to  indicate  rational 
methods  of  interpreting  analytical  results. 
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IMMEDIATE  NEED  OF  GASOLINE  SPECIFICATIONS. 

Various  considerations  led  the  Bureau  of  Mines,  in  its  study  of 
specifications  for  petroleum  and  petroleum  products,  to  take  up 
first  the  problem  of  specifications  for  gasoline.  The  General  Supply 
Committee  of  the  Federal  Government  in  the  District  of  Columbia 
requested  the  Bureau  of  Mines  to  assist  in  formulating  specifications 
for  purchases  of  motor  fuel.  Also,  in  different  parts  of  the  country 
a  demand  has  arisen  for  the  local  adoption  of  gasoline  regulations, 
and  the  bureau  has  deemed  it  advisable  to  publish  information  that 
may  help  to  prevent  useless  or  troublesome  legislation. 

The  reader  should  remember  that  the  Bureau  of  Mines  has  no 
authority  and  no  desire  to  assume  the  police  power  exercised  by 
States  and  municipalities.  Its  work  is  investigative,  and  it  en- 
deavors to  act  in  an  educational  and  advisory  capacity.  Hence  its 
aim  in  publishing  this  paper  is  to  present  information  on  desirable 
properties  and  methods  of  testing. 

Of  course,  no  hard  and  fast  line  differentiates  good  gasoline  from 
bad.  Actually  standards  of  quality  seem  to  be  varying  with  ad- 
vances in  engine  design,  so  that  what  was  once  decidedly  poor  gaso- 
line can  now  be  successfully  used.  Probably  the  limit  of  change 
has  not  been  reached  yet ;  and  the  writer  has  taken  care  to  point  out 
that  the  grades  of  gasoline  now  on  the  market  do  not  necessarily 
represent  future  grades. 

DESIRABLE  PROPERTIES  OF  GASOLINE. 

The  essentially  desirable  properties  of  gasoline  may  be  summar- 
ized briefly  as  follows : 

(1)  The  gasoline  should  not  contain  too  large  a  percentage  of 
highly  volatile  products,  which  tend  to  cause  large  evaporation  losses 
and  excessive  danger  in  handling  and  storage,  but  should  have  suffi- 
cient volatile  constituents  to  permit  starting  an  engine  under  reason- 
ably unfavorable  conditions  without  preheating. 

(2)  The  gasoline  should  not  contain  any  considerable  percentages 
of  heavy  or  nonvolatile  constituents,  which  after  atomization  into  the 
engine  cylinders  can  not  be  completely  vaporized  and  burned. 

(3)  The  gasoline  should  not  contain  a  material  which  after  com- 
bustion leaves  a  residue  that  collects  in  the  motor. 
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(4)  The  gasoline  should  be  free  from  substances  that  attack  metal, 
either  before  or  after  combustion.  Unremoved  acid  (used  in  refin- 
ing) falls  under  this  head. 

(5)  Neither  the  gasoline  nor  its  products  of  combustion  should 
have  a  strong  or  markedly  disagreeable  odor,  because  of  this  being 
objectionable  to  users  of  automobiles. 

(6)  The  gasoline  should  be  free  from  noncombustible  material, 
such  as  water,  sediment,  acid,  etc. 

These  stated  requirements  are  simple  in  principle  and  are  almost 
axiomatic.  The  chief  problem  is  to  fix  limits,  defined  by  actual 
tests,  that  will  satisfy  the  desirable  conditions. 

TYPES   OF   GASOLINE   MARKETED   AND   THEIR   GENERAL 

PROPERTIES. 

There  are  at  present  on  the  market  types  of  gasoline  produced  by 
several  general  methods.     These  may  be  classified  as  follows: 

1.  "  Straight  "  refinery  gasoline. 

2.  Blended  casing-head  gasoline. 

3.  Cracked  and  blended  gasoline. 

"straight"  refinery  gasoline. 

"  Straight "  refinery  gasolines  are  produced  by  methods  that  vary 
somewhat  in  different  parts  of  the  country  but  in  general  are  simi- 
lar. Crude  oil  is  distilled  in  a  fire  still  and  a  cut  made  when  the 
gravity  of  the  product  reaches  some  predetermined  mark.  So-called 
crude  naphtha,  or  benzine,  is  acid  refined  and  steam  distilled.  Sev- 
eral products  of  different  ranges  of  volatility  may  be  produced,  or 
the  steam  distillation  may  simply  separate  the  product  from  the 
less  volatile  bottoms,  which  go  into  the  burning  oil  stock. 

"  Straight "  refinery  gasolines  are  generally  characterized  by  a 
low  content  of  unsaturated  and  aromatic  hydrocarbons,  and  by  a 
distillation  range  free  from  marked  irregularities. 

BLENDED  CASING-HEAD  GASOLINES. 

During  the  past  few  years  so-called  casing-head  gasoline,  obtained 
from  natural  gas  by  compression  or  absorption,  has  come  on  the 
market.  "  Straight  "  casing-head  gasoline  is  too  volatile  for  general 
use  and,  before  being  marketed,  is  generally  blended  with  enough 
heavy  naphtha  to  produce  a  mixture  that  can  be  used  safely  and  is 
moderately  cheap.  In  general,  blended  casing-head  gasoline  is 
characterized  by  a  volatility  range  that  shows  a  considerable  per- 
centage of  constituents  of  low  and  of  high  boiling  points,  but  a  lack 
of  intermediate  products.     Frequently,  however,  the  blending  is  done 
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in  i  manner  difficult  to  detect,  the  natural-gas  gasoline  being  used 
in  moderately  small  proportion  with  "heavy"  straight-run  naphtha 
in  order  to  make  a  product  having  a  desirable  percentage  of  volatile 
constituents. 

As  regards  its  chemical  properties,  blended  casing-head  gasoline 
Beems  to  be  identical  with  the  u  straight"  refinery  products  of  the 
same  distillation  range.  Characteristic  physical  properties  of  blended 
gasolines  are  due  wholly  to  the  details  of  blending. 

CRACKED   OR   SYNTHETIC  GASOLINES. 

Important  factors  in  the  present  supply  of  gasoline  on  the  market 
are  the  cracked  or  synthetic  gasolines.  These  are  being  marketed 
in  enormous  quantities,  largely,  if  not  altogether,  in  the  form  of 
blends  with  "straight"  refinery  and  casing-head  gasoline. 

Cracked  gasolines  are  similar  to  "straight"  refinery  products  in 
most  physical  and  chemical  properties,  but  differ  chemically  in  con- 
taining varying  percentages  of  unsaturated  and  aromatic  hydro- 
carbons. It  has  been  demonstrated  that  these  constituents,  if  present 
in  moderate  proportion,  do  not  decrease  the  value  of  a  gasoline. 
Also,  competent  authorities  generally  concede  that  by  proper  engine 
equipment  and  adjustment  it  is  possible  to  use  unsaturated  hydro- 
carbons in  practically  unlimited  proportion,  although  extensive  ex- 
perimental proof  of  this  latter  point  does  not  seem  to  be  available 
as  yet. 

PROPERTIES  OF  GASOLINE  AND  METHODS  OF  TESTING. 

Before  outlining  a  system  of  analyses  and  specifications,  it  seems 
desirable  to  discuss  thoroughly  the  individual  properties  that  might 
be  considered  important  and  also  to  consider  analytical  methods. 
This  paper  is  not  intended  as  a  complete  review  of  gasoline  analysis, 
and  those  properties  that  are  considered  of  minor  practical  impor- 
tance are  not  discussed  in  detail. 

COLOR. 

(  olor  is  of  some  importance  because  it  serves  as  an  index  of  other 
qualities.  Properly  refined  gasolines  are  water  white  and  hence  it 
seems  desirable  to  include  a  color  requirement  in  specifications  for 
gasoline.  It  does  not,  however,  seem  necessary  to  employ  a  test 
involving  any  sort  of  a  tintometer,  as  the  rough-and-ready  method 
of  looking  through  the  bottom  of  a  4-ounce  sample  bottle  is  adequate. 

ODOR. 

Oasoline  should  be  free  from  rank  and  disagreeable  odors,  as  these 
cause  discomfort  of  users,  especially  if  the  odor  has  a  tendency  to 
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cling  to  clothing.  It  is,  of  course,  impossible  to  fix  any  definite  stand- 
ard for  odor  as  to  either  quality  or  strength.  The  older  require- 
ments demanded  the  sweet,  pleasant  odor  characteristic  of  high-test 
uncracked  distillates.  With  the  present  necessity  of  using  cracked 
gasoline  this  requirement  has  become  impossible  and  the  require- 
ment of  odor  must  be  left  in  rather  indefinite  form. 

WATER,  SEDIMENT,  AND  OTHER  FOREIGN  MATTER. 

Gasoline  should  obviously  be  free  from  water  and  other  foreign 
matter.  Water  is  seldom  present  in  gasoline  and  is  always  easy  to 
detect,  as  the  two  liquids  are  mutually  insoluble. 

ACIDITY. 

Obviously,  too,  gasoline  should  not  contain  any  acid  from  the  re- 
fining process.  This,  however,  seems  to  be  a  failing  from  which 
market  products  are  largely  free.  Acidity  may  be  detected  by  shak- 
ing a  sample  of  the  suspected  gasoline  thoroughly  with  a  small  quan- 
tity of  water  and  testing  the  water  with  blue  litmus  paper. 

CALORIFIC   POWER,   OR   HEATING  VALUE. 


No  data  are  at  hand  to  show  the  effects  of  calorific  power  on  the 
usefulness  of  a  gasoline.  However,  the  actual  variations  in  calorific 
power  for  different  kinds  of  gasoline  seem  to  be  relatively  small,  and 
as  the  mechanical  energy  developed  in  the  engine  is  only  a  fraction 
of  the  heat  produced  these  variations  may  be  regarded  as  negligible. 
Some  recent  experiments  a  have  shown  that  gasolines  of  widely  differ- 
ing physical  properties  varied  only  by  a  maximum  of  2  per  cent  in 
calorific  value  per  unit  weight. 

CONTENT   OF    AROMATIC    HYDROCARBONS BENZOL,    TOLUOL,    AND    OTHERS. 

At  present  little  heed  need  be  given  to  the  effect  of  aromatic  hydro- 
carbons in  motor  fuel,  as  these  products  are  in  tremendous  demand 
for  the  manufacture  of  explosives,  dyestuffs,  and  drugs.  After  the 
end  of  the  war  in  Europe  it  may  become  necessary  to  devise  a  specifi- 
cation clause  limiting  the  percentage  of  these  hydrocarbons  that  a 
gasoline  may  contain,  but  it  is  equally  possible  that  such  action  may 
be  unnecessary,  for  present  indications  are  that  aromatic  hydrocar- 
bons are  just  as  good  motor  fuel  as  nonaromatic.  If  limitation  should 
become  necessary  it  can  probably  be  made  most  effectively  and  simply 

°Rittman,  W.  F.,  Jacobs,  W.  A.,  and  Dean,  E.  W.,  Physical  and  chemical  properties 
of  gasoline  sold  throughout  the  United  States  during  the  calendar  year  1915:  Techni- 
cal Paper  163,  Bureau  of  Mines,  191G,  45  pp. 
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through  the  specific-gravity  requirements.  Aromatic  hydrocarbons — 
benzol,  toluol,  and  the  others — have  specific  gravities  of  about  0.87  to 
3  (29°  to  80°  H.)  and  boil  at  the  same  temperatures  as nonaroma tics 
having  specific  gravities  between  0.70  and  0.76  (54°  to  70°  B.).  For 
the  present,  however,  there  seems  little  need  of  considering  the  con- 
tent of  aromatic  hydrocarbons. 

UNSATURATED    HYDROCARBONS. 

The  effect  of  unsaturated  hydrocarbons  on  the  properties  of  gaso- 
line is  another  matter  that  has  not  been  worked  out  completely.  As 
already  stated,  there  is  conclusive  evidence  showing  that  gasolines 
containing  moderate  percentages  of  unsaturated  hydrocarbons  can 
be  used  with  entire  satisfaction,  but  it  is  not  yet  definitely  established 
that  the  presence  of  unlimited  proportions  of  these  constituents 
causes  no  disadvantage. 

In  view  of  present  market  conditions  it  does  not  seem  desirable  to 
emphasize  any  requirements  that  may  interfere  with  the  develop- 
ment of  cracking  processes,  as  J^his  now  seems  to  offer  the  greatest 
possibility  of  conserving  the  country's  petroleum  resources. 

The  Bureau  of  Mines  is  preparing  to  publish  the  results  of  a  study 
of  the  comparative  advantages  of  various  analytical  methods  of 
determining  degrees  of  unsaturation.  This  study  has  shown  that 
the  acid-heat  test,  largely  used  by  refiners,  is  little  better  than  quali- 
tative, and  determination  of  iodine  absorption  by  the  Hanus  method, 
though  accurate  and  fairly  rapid,  requires  some  little  skill  of  manip- 
ulation on  the  part  of  the  operator.  If  experimental  details  are 
properly  regulated,  the  measurement  of  the  percentage  absorbed  by 
ordinary  sulphuric  acid  seems  on  the  whole  the  most  desirable 
method. 

SPECIFIC   GRAVITY. 

Specific  gravity  in  itself  is  of  very  slight  significance  in  determin- 
ing the  properties  of  gasoline.  It  may  serve  as  an  index  of  other 
properties,  particularly  volatility,  if  knowledge  is  at  hand  regard- 
ing the  source  and  method  of  production  of  a  gasoline.  The  de- 
termination of  gravity  has  been  and  probably  always  will  be  one  of 
the  most  useful  tests  that  the  refiner  employs,  but  it  is  of  but  little 
value  to  the  analyst  who  does  not  possess  sufficient  additional  infor- 
mation to  make  proper  interpretation  of  gravity  results. 

Methods  of  determining  gravity  are  too  well  known  to  need  dis- 
cussion.  The  type  of  instrument  chosen  may  be  hydrometer,  dis- 
placement balance  (such  as  the  Westphal),  or  a  suitable  pyenometer, 
according  to  the  quantity  of  gasoline  to  be  tested.  Of  these  instru- 
ments the  hydrometer  is  most  convenient,  the  pyenometer  least  con- 
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venient.  The  accuracy  of  the  determination  should  be  within  0.1 
to  0.2  per  cent.  Gravity  is  generally  expressed  as  the  ratio  of  the 
densities  of  oil  and  water  at  the  temperature  of  60°  F. 

VOLATILITY. 

Volatility  is  the  basic  property  that  determines  the  grade  and 
usefulness  of  a  gasoline.  Unfortunately  its  influence  is  not  simple 
enough  for  adequate  discussion  in  a  few  words,  chiefly  because  the 
advantages  and  disadvantages  of  various  characteristics  of  volatility 
are  so  balanced  that  no  one  characteristic  can  be  said  to  be  either 
entirely  desirable  or  entirely  undesirable.  For  example,  the  presence 
of  considerable  percentages  of  low-boiling  constituents  in  gasoline 
would  seem  desirable  in  that  they  permit  easy  starting  of  a  cold 
engine.  Against  this  advantage  are  the  high  prices  of  such  gaso- 
lines and  the  considerable  evaporation  losses,  the  latter  tending  to 
increase  danger  in  storage  and  handling. 

General  consideration  of  the  numerous  factors  involved  has  led 
to  the  following  conclusions  regarding  the  desirable  characteristics 
of  the  volatility  of  motor  gasoline. 

Gasoline  should  contain  a  moderate  but  not  excessive  proportion  of 
low-boiling  constituents,  enough  to  permit  easy  starting  of  a  cold 
engine  but  not  enough  to  make  evaporation  losses  excessive. 

Gasoline  should  have  a  total  volatility  range  wide  enough  to  in- 
clude constituents  that  have  a  high,  but  not  too  high,  boiling  point. 
For  economic  reasons  affecting  both  the  individual  user  and  the  coun- 
try as  a  whole,  this  volatility  range  should  be  such  that  the  gasoline 
contains  the  largest  possible  percentage  of  the  original  crude  oil.  It 
should  not,  however,  be  wide  enough  to  exceed  the  limits  of  the 
vaporizing  power  of  the  automobile  engine. 

These  two  factors  are  not  the  only  ones  involved  in  the  problem  of 
volatility  limits;  but  if  properly  attended  to  they  generally  take 
care  of  other  essential  features,  such  as  "  flexibility,"  freedom  from 
carbon  deposition,  and  development  of  maximum  power. 

Discussing  the  essential  properties  of  gasoline  is  relatively  easy 
when  only  general  principles  receive  consideration.  Also,  it  is  rela- 
tively simple  to  outline  rational  specifications  for  a  grade  of  gasoline 
that  under  most  conditions  will  satisfy  the  great  majority  of  users. 
In  other  words,  it  is  easy  to  describe  in  general  terms  the  desirable 
limits  of  volatility  and  reasonably  easy  to  give  figures  that  come  safely 
within  the  limits.  To  define  the  real  limits  instead  of  stating  figures 
safely  within  them  is,  however,  a  totally  different  problem,  one  in- 
volving a  number  of  factors  that  can  not  be  disregarded.    In  general, 


PROPERTIES   AND    METHODS   OF   TESTING,  13 

however,  it  may  be  said  that  the  upper  Limit  of  volatility  is  fixed  by 
average  present-day  motor  construction. 

The  low  limit,  or  rather  the  percentage  of  constituents  volatile 
enough  to  insure  ready  starting  of  a  motor,  varies  with  the  design 

of  the  engine,  and  also  with  existing  temperature  conditions.  It  is 
obvious  that  to  k*  start"  satisfactorily,  gasoline  must  contain  more 
low-boiling  constituents  in  the  winter  than  in  the  summer,  and  more 
in  cold  climates  than  in  mild.  All  of  these  considerations  emphasize 
the  impossibility  of  fixing  temperature  limits  that  will  in  all  cases 
economically  and  satisfactorily  define  the  product  "  gasoline."  In 
general  usage  M  gasoline  "  is  thought  of  as  something  that  will  start 
an  automobile  engine  and  keep  it  going  when  started.  The  "good- 
ness" of  the  gasoline  from  the  point  of  view  of  the  average  user  de- 
pends largely  on  ease  of  starting  and  only  in  a  minor  way  on  the 
possible  mileage  per  gallon  or  on  freedom  from  carbon  deposition. 

DISTILLATION  METHODS. 

The  distillation  methods  now  generally  used  in  the  laboratories  of 
refiners  vary  in  some  details,  but  are  mostly  modifications  of  the 
Engler-Ubbelohde  method.  This  method  has  various  basic  defici- 
encies and  is  inadequate  for  the  analysis  of  crude  oil,  as  has  been 
shown  by  some  recent  experiments  of  the  Bureau  of  Mines/1  It  is 
possible  that  a  modification  of  the  Hempel  method,  employed  by  the 
bureau  for  this  work  and  also  for  a  recent  study b  of  the  properties  of 
gasoline,  might  be  more  satisfactory  for  general  testing  purposes. 
However,  the  Engler-Ubbelohde  methods  are  so  widely  employed  that 
they  seem  as  little  likely  to  be  abandoned  as  the  Baume  gravity  scale. 
For  examining  gasoline  the  method  is  more  nearly  adequate  than  for 
examining  crude  oil,  because  all  that  is  necessary  is  a  uniform  basis 
of  comparison  for  different  gasolines. 

The  use  of  the  various  modifications  is  determined  chiefly  by  the 
amount  of  information  sought.  In  some  laboratories  it  is  customary 
to  determine  only  the  initial  boiling  point  and  the  "end"  or  "dry 
point,"  the  latter  being  the  highest  temperature  registered  by  the 
thermometer  at  the  end  of  the  distillation.  The  initial  boiling  point 
is  variously  taken,  but  generally  as  the  temperature  read  when  the 
first  or  the  fifth  drop  falls  from  the  end  of  the  condenser. 

Sometimes  analyses  are  more  elaborate  and  the  temperature  is  read 
for  each  5  or  10  per  cent  distilled  and,  if  desired,  the  gravities  of  the 
various  fractions  are  determined. 

a  Rittman,  W.  F.,  and  Dean,  E.  W.,  The  analytical  distillation  of  petroleum  ;  Bull.  125, 
Bureau  of  Mines,  1916,  pp.  1-75  ;  Jour.  Ind.  and  Eng.  Chem.,  vol.  7,  1915,  pp.  185-195, 
754-760. 

6  Rittman,  W.  F.,  Jacobs,  W.  A.,  and  Dean,  E.  W.,  work  cited. 
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Laboratory  practice  differs  in  respect  to  the  size  of  the  distilling 
flask  and  the  quantity  of  gasoline  taken  as  an  original  charge.  The 
original  Engler  flask  was  designed  to  hold  100  c.  c.  of  oil.  When 
only  initial  boiling-point  and  end-point  determinations  are  to  be 
made  this  size  is  generally  used.  However,  there  are  certain  disad- 
vantages from  the  use  of  so  small  a  quantity.  When  percentage  cuts 
are  to  be  made  many  laboratories  use  larger  flasks  of  such  dimen- 
sions as  to  give  about  the  same  proportionate  degree  of  fractionation 
as  is  attained  by  the  original  100  c.  c.  flask.  Charges  of  200  c.  c.  and 
of  either  400  or  500  c.  c.  are  often  distilled,  the  latter  being  taken 
when  the  specific  gravities  of  small  fractions  are  to  be  measured 
with  hydrometers. 

In  formulating  specifications  the  conditions  of  distillation  must  be 
exactly  defined  in  order  to  permit  equitable  settlement  of  disputes. 
It  is  probable,  however,  that  for  the  distillation  of  gasoline  the  re- 
sults of  all  of  the  open-flask  methods  agree  pretty  closely  and  it  is 
by  no  means  necessary  for  the  testing  laboratories  of  refineries  to 
discard  present  methods  unless  products  approach  permissible  limits 
very  closely. 

The  advantages  in  using  the  various  sizes  of  charges  are  more  or 
less  evenly  balanced.  The  use  of  400  or  500  c.  c.  is  probably  most  con- 
venient when  it  is  desirable  to  measure  the  gravities  of  fractions.  The 
Bureau  of  Mines  has  in  the  past  favored  200  c.  c.  for  its  own  experi- 
ments, because  the  volume  of  the  distillates  permitted  gravity  meas- 
urements with  the  Westphal  balance,  which  has  been  employed  instead 
of  the  hydrometer. 

In  the  present  analytical  methods  for  gasoline  it  has  not  seemed 
necessary  either  to  separate  fractions  or  to  measure  gravities.  Hence 
one  of  the  chief  advantages  resulting  from  the  use  of  large  original 
charges  vanished.  There  remain  certain  mechanical  advantages, 
particularly  as  regards  minimization  of  experimental  error,  but  it 
finally  seemed  that  for  the  needs  of  the  present  work  the  100  c.  c. 
charge  is  most  desirable. 

The  sample  of  gasoline  to  be  examined  can  be  shipped  in  the 
convenient  4-ounce  sample  bottle  which  is  in  common  use  in  the 
petroleum  industry.  In  addition,  an  experiment  can  be  made  quickly, 
and  the  results  are  accurate  enough  for  general  purposes.  The  chief 
advantage,  however,  is  that  the  method  is  already  so  standardized 
that  it  is  not  an  innovation. 

The  American  Society  for  Testing  Materials  has  had  occasion  to 
adopt  a  distillation  method  for  the  petroleum  products  used  as  tur- 
pentine substitutes,  and  this  method,  with  one  or  two  minor  modifi- 
cations, seems  highly  desirable  for  use  with  gasoline.  The  appa- 
ratus is  standard  and  can  be  readily  purchased;  the  details  of 
manipulation  are  simple  and  yield  satisfactory  results.    The  method 
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and  apparatus  are  described  in  detail  on  a  later  page,  but  a  general 
description  seems  desirable  here.  The  method  involves  the  use  of 
a  thermometer  of  standard  dimensions,  a  standard  100-e.  c.  Engler 
flask,  and  an  ice-cooled  metal  condenser  tube  set  at  an  angle  of 
75  from  the  perpendicular.  The  gasoline  is  distilled  at  a  stand- 
ard rate  of  4  to  5  c  e.  a  minute,  temperature  readings  being 
made  as  eaeh  10  per  cent  has  distilled  and  when  the  end  or  dry  point 
is  reached.  The  latter  is  the  highest  temperature  read  on  the  ther- 
mometer after  the  flask  boils  dry. 

It  has  been  customary  in  the  past  to  read  as  the  initial  point 
the  temperature  at  which  the  first  drop  falls.  This  point  is  dif- 
ficult to  measure  accurately,  and  there  seems  to  be  no  advantage 
in  using  it  instead  of  the  more  convenient  10  or  20  per  cent  mark. 
It  seems  that  the  gasoline  should  be  defined  by  four  points,  which 
may  conveniently  be  the  20  per  cent  mark,  the  50  per  cent  mark, 
the  90  per  cent  mark,  and  the  dry  point.  Some  controversy  has 
arisen  as  to  the  desirability  of  a  90  per  cent  temperature  instead 
of  the  95  per  cent  temperature.  The  former  has  the  advantage  of 
greater  ease  of  accurate  determination.  The  latter  is  preferred  by 
some  chemists,  seemingly  on  general  principles,  without  very  defi- 
nitely founded  evidence.  It  is  thought  that  by  using  the  90  per 
cent  temperature  and  the  dry  point  all  needs  are  met,  and  experi- 
mental difficulties  are   avoided. 

Satisfactory  figures  for  these  points  insure  the  following  desirable 
qualities  of  a  gasoline: 

(a)  Enough  moderately  low-boiling  constituents  to  permit  easy 
starting  of  a  motor; 

(b)  Not  enough  low-boiling  constituents  to  cause  undue  tendency 
toward  evaporation  losses; 

(c)  Fairly  uniform  boiling  range  and  not  too  great  a  percentage 
of  constituents  boiling  at  higher  temperatures; 

(d)  Only  a  very  small  percentage  of  constituents  of  very  high- 
boiling  point.     In  other  words,  not  too  high  an  end  point. 

Requirement  £>,  which  is  satisfied  by  placing  the  lower  limit  for 
the  20  per  cent  mark,  is  introduced  for  the  purpose  of  making  a  gaso- 
line reasonably  safe  and  free  from  evaporation  losses.  It  is  a  limit 
that  is  not  likely  to  be  overstepped,  on  account  of  commercial  con- 
ditions. 

BEVIEW   OF   THE   GASOLINE  SITUATION. 

Before  a  system  of  actual  specifications  is  discussed  it  seems  de- 
sirable to  summarize  the  status  of  the  gasoline  market  at  present 
(April,  1917).  During  the  last  year  or  two  the  total  production  of 
refinable  crude  oil  has  not  increased,  although  the  demand  for  gaso- 
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line  has  grown  tremendously.  That  the  supply  of  gasoline  has  kept 
pace  with  the  demand  has  been  due  chiefly  to  the  use  as  motor  fuel 
of  a  greater  proportion  of  the  crude  oil  produced.  Cracking  proc- 
esses have  helped  to  increase  the  supply,  and  the  extraction  of  gaso- 
line from  natural  gas  had  contributed  considerably.  In  addition, 
many  refiners  have  augmented  their  production  by  what  may  be 
called  "  cutting  deeper  into  the  crude."  Some  of  the  fractions  of 
petroleum  that  were  formerly  marketed  under  other  names  and  for 
other  purposes  are  now  sold  as  gasoline,  thus  in  effect  increasing  the 
production  of  this  commodity. 

Among  automobile  users  there  is  a  more  or  less  prevalent  feeling 
that  producers  and  marketers  are  taking  advantage  of  them.  This 
feeling  is  due  in  part  to  higher  prices  and  in  part  to  changes  in  the 
composition  of  the  motor  fuel.  An  added  source  of  discontent  is 
the  fact  that  some  filling  stations  are  believed  to  deliver  to  their  cus- 
tomers a  product  made  by  blending  gasoline  with  varying  propor- 
tions of  kerosene.  As  a  result  of  this  situation  it  is  possible  that 
local  or  State  legislative  bodies  may  enact  laws  for  standardizing  the 
product  sold  as  gasoline  and  for  preventing  fraud  through  its  adul- 
teration with  kerosene. 

Faulty  legislation  will  probably  be  as  much  to  the  disadvantage 
of  the  consumer  as  of  the  producer,  especially  if  it  prevents  the  mar- 
keting of  products  that  fail  to  meet  definite  numerical  standards. 
On  the  other  hand,  there  seems  to  be  no  inherent  reason  why  the 
consumer  should  not  know  what  he  is  buying,  and  in  view  of  the 
present  situation  it  would  seem  good  business  policy  for  the  marketers 
to  supply  the  information  that  is  desired.  Users  wish  to  have  as- 
surance that  they  are  not  being  cheated,  and  it  does  not  seem  reason- 
able to  suppose  producers  and  marketers  are  unable  to  give  this 
assurance.  However,  the  function  of  the  Bureau  of  Mines  is  not 
to  solve  this  problem,  which  really  falls  in  the  realm  of  business 
management,  and  the  present  paper  is  limited  to  the  purpose  of  sup- 
plying technical  information. 

At  present  (April,  1917)  the  grade  of  gasoline  generally  marketed 
in  California  seems  to  be  considerably  lower  in  distillation  range 
than  that  generally  sold  in  other  parts  of  the  country.  In  the  Mid- 
Continent  field  the  products  vary  from  a  grade  approximately  equiva- 
lent to  that  sold  on  the  Pacific  coast  to  products  of  relatively  high 
"  end  point."  Many  of  these  high  "  end-point "  products  are  so  care- 
fully produced  and  marketed  that  they  are  used  with  perfect  satis- 
faction. On  the  other  hand,  the  bureau  has  evidence  that,  in  limited 
degree  at  least,  gasoline  has  been  sold  that  was  improperly  refined 
or  was  blended  with  burning  oil  by  the  marketer.  Such  gasoline 
naturally  has  not  given  as  general  satisfaction  as  the  "  fool  proof r 
light  gasoline  or  the  scientifically  blended  heavy  motor  fuel. 
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In  the  East  the  genera]  output  of  motor  fuel  has  a  moderately 
high  end  point,  but  is  probably,  though  not  certainly,  a  little  lighter 
than  could  be  used  with  genera]  satisfaction  under  favorable  engine 
conditions. 

GASOLINE  SPECIFICATIONS. 

In  a  way.  the  present  problem  has  grown  from  the  bureau's  task 
of  preparing  specifications  for  Federal  purchases  of  gasoline  in  the 
District  of  Columbia.  The  method  adopted  in  preparing  these 
specifications  was  briefly  as  follows:  Samples  of  the  various  types 
of  motor  gasolines  sold  in  the  District  were  analyzed.  A  specifica- 
tion was  then  written  which  represented  the  average  product  already 
on  the  market,  previous  experiences  having  indicated  this  to  be  satis- 
factory. The  procedure  adopted  did  not  concern  the  problem  of 
exactly  what  properties  a  gasoline  might  have  and  be  satisfactory, 
but  simply  made  it  possible  for  the  Federal  departments  to  obtain 
motor  fuel  suitable  for  the  motors  in  use  and  equal  in  quality  to  that 
dispensed  to  private  users. 

Specifications  for  several  other  naphthas  and  gasolines  required 
for  special  purposes  were  written  in  a  similar  way,  necessary  infor- 
mation being  obtained  from  the  analyses  of  readily  obtainable  prod- 
ucts that  had  been  proven  satisfactory  for  the  particular  uses. 

This  method  of  determining  specifications  is  not  absolutely  scien- 
tific, but  is  recommended  as  being  highly  practical.  If  any  com- 
munity, organization,  or  firm  desires  to  purchase  gasoline  on  specifi- 
cation it  should  first  ascertain  what  products  it  can  buy  at  standard 
prices  and  then  find  out  which  of  these  are  satisfactory  in  use. 
Information  regarding  these  two  points  needs  to  be  supplemented 
only  by  satisfactory  analytical  methods  which,  it  is  thought,  will  be 
generally  available  on  the  basis  of  the  information  presented  in  this 
paper. 

LIMITS    AND    REQUIREMENTS    OF    GASOLINE    SPECIFICATIONS. 

An  ideal  system  of  specifications  would,  by  a  minimum  of  simple 
requirements,  eliminate  all  unsatisfactory  products  without  dis- 
criminating against  any  that  are  desirable.  This  ideal  is,  of  course, 
impossible  of  attainment  for  gasoline,  partly  because  no  hard  and 
fast  line  differentiates  good  gasoline  from  bad,  and  partly  because 
a  satisfactorily  simple  specification  can  not  cover  all  possible  sources 
of  discrepancy.  In  general,  however,  the  tests  discussed  later  furnish 
an  adequate  index  of  quality  for  the  normal  products  marketed  as 
gasoline,  and  will  probably  be  satisfactory  until  such  time  as  new 
and  unforeseen  developments  occur  in  the  refining  industry. 

The  requirements  which  are  considered  adequate  for  the  present 
are  color,  freedom  from  acidity,  and  volatility.     Color  in  itself  is 
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of  minor  importance  but  generally,  though  not  infallibly,  indicates 
whether  a  gasoline  is  properly  refined.  At  present  producers  show 
little  tendency  to  market  gasolines  that  do  not  meet  requirements  in 
this  respect.  The  requirement  of  freedom  from  acid  is  important, 
and  the  simple  test  should  always  be  made,  even  though  the  almost 
universal  care  taken  by  refiners  has  made  it  practically  unnecessary. 

In  discussing  volatility  requirements  it  has  been  deemed  inad- 
visable to  state  definite  figures,  as  it  is  possible  that  undue  importance 
may  be  attached  to  the  limits  mentioned.  The  bureau  has  written 
specifications  for  Federal  purchases  of  gasoline,  but  does  not  wish  to 
give  undue  prominence  to  these  figures  which  deal  with  products  used 
under  more  or  less  definitely  known  weather  conditions  and  in  the 
motors  owned  and  operated  by  the  Government  departments. 

Only  one  definite  temperature  limit  is  stated,  that  which  prevents 
a  gasoline  from  having  too  high  a  proportion  of  volatile  constit- 
uents. This  limit  is  one  which  for  commercial  conditions  is  not 
likely  to  be  passed,  but  it  is  included  to  make  possible  the  rejection 
of  gasoline  that  obviously  is  unfit  to  store  or  handle.  Other  tem- 
perature limits  are  left  indeterminate  or  else  given  in  relative  terms. 

The  two  limits  upon  which  most  emphasis  is  laid  are  the  tempera- 
tures below  which  20  per  cent  and  90  per  cent  of  the  gasoline  distill. 
Any  two  other  percentage  marks  near  the  initial  and  the  upper  end 
of  the  distillation  range  might  serve,  but  these  two  points  are  the 
most  satisfactory  for  determination  by  the  analyst,  and  it  is  thought 
are  at  least  as  important  as  any  others  with  regard  to  the  behavior 
of  the  gasoline  in  the  motor.  A  tolerance  is  allowed  for  each  limit, 
on  the  assumption  that  a  moderate  discrepancy  in  one  does  no  harm  if 
the  other  is  at  least  an  equal  amount  below  the  required  mark.  How- 
ever, the  compensation  is  limited  to  variations  not  exceeding  10°  C. 
(18°  F.).  Thus,  for  example,  it  is  assumed  that  gasolines  having 
the  following  distillation  limits  are  of  approximately  equivalent 
utility  as  motor  fuel : 

Hypothetical  gasolines  of  approximately  equal  value  as  motor  fuel. 

Hypothetical  sample  No 12  3 

Lower  temperature  limit,  °C 100        110  90 

Upper  temperature  limit,  °C 180        170        190 

As  this  compensating  effect  has  not  been  thoroughly  studied  it 
seems  desirable  to  limit  the  tolerance  to  variations  not  greater  than 

the  amount  stated  above. 

A  limit  for  the  50  per  cent  mark  is  fixed  not  because  it  will  ordi- 
narily be  of  significance,  but  because  it  will  tend  to  prevent  the  mar- 
keting of  "freak"  naphthas  that  might  prove  unsatisfactory.  The 
requirement  that  the  "  dry  point,"  or  highest  temperature  read  on  the 
thermometer  after  the  distilling  flask  goes  dry,  shall  not  exceed  the 
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90  per  cent  temperature  by  more  than  55°  C.  (99°  F.)  is  liberal,  but 
is  sufficient  to  discriminate  against  improperly  distilled  gasolines 
and  unsatisfactory  blends  of  gasoline  and  kerosene. 

A  lower  limit  of  70°  C.  (158°  F.)  is  placed  on  the  20  per  cent 
mark,  this  also  being  of  importance  only  with  possible  "  freak"  gaso- 
lines. It  is.  however,  a  limitation  that  has  a  sound  and  practical 
basis,  as  Such  gasolines  are  subject  to  serious  evaporation  losses. 

PROPOSED  SPECIFICATIONS  FOR  MOTOR  GASOLINE. 

COLOR. 

Requirement, — Water  white. 

Method  of  determination. — Inspection  of  column  in  4-ounce  sample 

bottle. 

ACIDITY. 

Requirement* — Total  absence. 

Method  of  determination. — Ten  c.  c.  of  the  gasoline  is  to  be  shaken 
thoroughly  with  5  c.  c.  of  distilled  water.  The  aqueous  extract  must 
not  color  blue  litmus  paoer  pink. 

VOLATILITY. 

Requirements. — The  gasoline  shall,  when  distilled  by  the  method 
described  hereafter,  meet  the  following  requirements : 

(a)  The  temperature  read  on  the  thermometer  when  20  per  cent 
has  distilled  shall  not  be  below  70°  C.  (158°  F.)  nor  above  whatever 
limit  is  fixed  after  due  consideration  of  conditions  of  use. 

(b)  The  temperature  read  when  90  per  cent  has  distilled  shall  not 
be  above  another  limit  similarly  chosen. 

(c)  The  temperature  read  when  50  per  cent  has  distilled  shall  not 
be  higher  than  a  mark  half  way  between  the  20  per  cent  and  the  90 
per  cent  limit. 

(d)  The  dry  point  shall  not  exceed  the  actual  90  percent  reading 
by  more  than  55°  C.  (99°  F.). 

Tolerance. — If  either  the  20  per  cent  or  the  90  per  cent  temperature 
mark  is  above  the  required  limit  by  an  amount  not  exceeding  10°  C. 
(18°  F.),  the  gasoline  may  be  considered  acceptable  if  the  sum  of  the 
two  temperatures  read  for  the  20  and  the  90  per  cent  marks  do  not 
exceed  the  sum  of  the  adopted  limits. 

DISTILLATION    METHOD    AND    APPARATUS. 

The  distillation  method  prescribed  is  approximately  that  recom- 
mended by  Subcommittee  XI  of  Committee  I),  of  the  American 
Society  of  Testing  Materials." 

■  Am.  Soc.  Test.  Mat.  Year  Book  for  1915,  pp.  568-569,  Part  I,  Committee  Reports. 
1916,  vol.  16,  pp.  518-521. 
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The  two  noticeable  points  of  variation  are  the  method  of  reading 
temperatures  against  fixed  percentage  points  and  the  use  of  a  ther- 
mometer of  lower  range.  The  method  of  the  American  Society  for 
Testing  Materials  is  proposed  for  the  analyses  of  turpentine  substi- 
tutes, which  are  petroleum  products  of  higher  boiling  range  than 
gasolines. 

The  apparatus  used  in  the  distillation  should  be  as  follows  (see 
Plate  I)  : 

FLASK. 

The  flask  used  shall  be  the  standard  100  c.  c.  Engler  flask,  described 
in  the  various  textbooks  on  petroleum.  The  dimensions  are  as 
follows : 

Dimensions  of  flask. 

Dimensions.                                                                          Cm.  Inches. 

Diameter  of  bulb —     6.  5  2.  56 

Diameter  of  neck 1.6  0.63 

Length  of  neck 15.0  5.91 

Length  of  vapor  tube 10.0  3.94 

Diameter  of  vapor  tube 0.6  0.24 

. Position  of  vapor  tube,  9  cm.  (3.55  inches)  above  surface  of  oil 
when  the  flask  contains  its  charge  of  100  c.  c.  The  tube  is  ap- 
proximately in  the  middle  of  the  neck. 

The  flask  shall  be  supported  on  a  ring  of  asbestos  having  a  circu- 
lar opening  11  inches  in  diameter;  this  means  that  only  this  limited 
portion  of  the  flask  is  to  be  heated.  The  use  of  a  sand  bath  is  not 
approved. 

CONDENSER. 

The  condenser  shall  consist  of  a  thin-walled  tube  of  metal  (brass 
or  copper) ,  \  inch  internal  diameter  and  22  inches  long.  It  shall  be 
set  at  an  angle  of  75°  from  the  perpendicular  and  shall  be  surrounded 
with  a  water  jacket  of  the  trough  type.  The  lower  end  of  the  con- 
denser shall  be  cut  off  at  an  acute  angle  and  shall  be  curved  down 
for  a  length  of  3  inches.  The  condenser  jacket  shall  be  15  inches 
long. 

THERMOMETER. 

The  accuracy  of  distillation  primarily  depends  on  the  accuracy 
of  the  thermometer  and  on  this  account  the  instrument  should  be 
so  defined  that  the  results  of  different  analysts  may  check.  The 
thermometer  described  in  the  report  of  the  American  Society  for 
Testing  Materials  is  not  adapted  for  use  with  gasoline,  its  range 
being  unnecessarily  high  and  the  lower  temperatures  being  difficult 
to  read  because  of  interference  from  the  cork  in  the  neck  of  the  dis- 
tillation flask. 
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The  present  discussion  does  not  deal  with  the  details  of  tempera- 
ture measurement  but  simply  indicates  requirements  that  should  be 
met  and  will  insure  that  the  maximum  possible  variations  in  ther- 
mometer readings  at  different  analytical  laboratories  can  not  exceed 
1°  or  2°  C. 

Briefly,  the  thermometer  should  be  an  accurate  "nitrogen-filled" 
instrument  with  a  short  bulb  (length  10  to  15  mm.,  0.39  to  0.59  inch) 
and  with  the  mark  for  35°  C.  (95°  F.)  at  a  distance  between  100 
and  1*20  mm.  (3.94  to  4.73  inches)  from  the  top  of  the  bulb.  The 
thermometer  should  be  scaled  for  total  immersion. 

The  above  requirements  insure  that  almost  always  the  lowest  tem- 
peratures registered  may  be  read  above  the  cork  of  the  distillation 
fiask,  and  variations  because  of  the  so-called  "  stem  correction  "  will 
always  be  practically  the  same.  The  stem  correction  should  not  be 
applied,  but  it  should  be  understood  that  results  of  distillations  are 
expressed  in  terms  of  thermometer  readings,  not  of  actual  tempera- 
tures. The  use  of  partial-immersion  thermometers  is  not  recom- 
mended for  distillations,  as  these  instruments  are  no  more  likely  to 
agree  with  one  another  than  are  the  more  common  total- immersion 
thermometers. 

The  following  specification  for  a  gasoline  distillation  thermometer 
is  offered  so  that  the  prospective  purchaser  may  be  able  to  state 
definitely  wThat  he  requires  and  by  so  doing  obtain  a  satisfactory  in- 
strument. The  specification  has  been  submitted  to  several  manu- 
facturers of  thermometers,  who  state  that  it  insures  the  obtaining 
of  a  satisfactory  high-grade  instrument  without  imposing  on  the 
maker  unnecessary  and  troublesome  restrictions  that  increase  the  cost. 

SPECIFICATIONS   FOR  GASOLINE   DISTILLATION    THERMOMETER. 

The  thermometer  should  be  made  of  selected  enamel-backed  tubing, 
having  a  diameter  between  5.5  and  7  mm.  The  bulb  should  be  of 
Jena  normal  or  Corning  normal  glass;  its  diameter  shall  be  less 
than  that  of  the  stem  and  its  length  between  10  and  15  mm.  The 
total  length  of  the  thermometer  should  be  approximately  380  mm. 
The  range  should  cover  0°  to  270°  C,  with  the  length  of  the  graduated 
portion  between  the  limits  of  210  and  250  mm.  The,  point  marking 
a  temperature  of  35°  C.  should  be  not  less  than  100  nor  more  than 
120  mm.  from  the  top  of  the  bulb. 

The  scale  should  be  graduated  for  total  immersion.  The  accuracy 
must  be  within  about  0.5°  C.°  The  space  above  the  meniscus  must 
be  filled  wTith  an  inert  gas ;  such  as  nitrogen,  and  the  stem  and  bulb 
must  be  thoroughly  aged  and  annealed  before  being  graduated. 

a  It  desired,  a  Fahrenheit  thermometer  may  he  obtained  on  these  specifications  by 
substituting  Fahrenheit  equivalents  for  the  several  Centigrade  marks. 
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All  material  and  workmanship  must  be  of  the  best.  The  scale 
shall  be  marked  for  single-degree  intervals.  Each  tenth  degree  shall 
be  numbered  and  each  fifth  degree  distinguished  by  a  longer  mark. 

METHOD   OF  DISTILLATION. 

The  flask  connected  with  the  condenser  shall  be  filled  with  a 
100-c.  c.  charge  of  gasoline,  which  shall  be  measured  from  a  100-c.  c. 
graduated  cylinder.  The  same  cylinder  may  be  used  without  drying 
as  the  receiving  vessel  for  the  distillate.  Heat  shall  be  applied  to 
the  flask  in  regulated  degree,  care  being  taken  that  the  whole  distilla- 
tion from  beginning  to  end  shall  proceed  at  a  rate  of  not  less  than 
4  nor  more  than  5  c.  c.  a  minute.  Readings  of  the  thermometer  shall 
be  made  as  each  10  per  cent  distills. 

The  dry  point  or  highest  temperature  reading  at  the  end  of  the 
distillation  shall  also  be  recorded.  The  distillation  loss  shall  be 
determined  by  adding  the  percentage  of  residue  in  the  distilling 
flask,  after  cooling,  to  the  percentage  of  total  distillates  held  in  the 
receiver.  If  the  distillation  loss  is  over  3  per  cent,  a  check  distilla- 
tion shall  be  made,  as  excessive  loss  may  indicate  that  the  rate  of 
distillation  at  the  beginning  was  too  rapid.  In  case  the  magnitude 
of  the  loss  is  confirmed  this  fact  is  of  importance  in  indicating  that 
the  gasoline  contains  very  volatile  constituents,  particularly  those 
derived  from  added  casing-head  gasoline. 

The  condenser  trough  shall  be  filled  with  a  mixture  of  cracked  ice 
and  water  (not  dry  cracked  ice),  and  during  the  distillation  sufficient 
ice  shall  be  kept  in  the  trough  to  prevent  the  temperature  of  the  cool- 
ing water  exceeding  8°  C.  (46°  F.). 

If  distillations  are  made  at  high  altitudes  or  when  barometric  pres- 
sures are  low,  allowances  may  be  made  for  this  factor.  In  general, 
recording  the  barometric  pressure  read  at  the  time  of  the  distillation 
will  suffice  and  it  is  recommended  that  whenever  there  is  possibility 
of  dispute  over  the  results  of  a  distillation  this  should  be  done. 

The  thermometer  bulb  should  be  covered  with  a  thin  film  of  ab- 
sorbent cotton ;  this  keeps  the  glass  always  wet  with  the  condensate 
from  the  vapor  and  thus  prevents  possible  fluctuations  in  the  tem- 
perature. It  also  tends  to  prevent  superheating  of  the  bulb  at  the 
end  of  the  distillation  and  thus  makes  possible  an  accurate  determina- 
tion of  the  dry  point. 

The  whole  procedure  is  relatively  simple  but  involves  certain  de- 
tails of  manipulation  of  more  or  less  importance.  The  use  of  appa- 
ratus at  least  approximately  as  described  is  essential,  although  the 
method  is  such  that  no  considerable  discrepancies  will  result  if  the 
apparatus  is  not  exactly  standard.  The  chief  source  of  difficulty  is 
the  rate  of  heating.     It  is  of  course  desirable  to  bring  the  initial 
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charge  up  to  the  boiling  point  as  rapidly  as  possible  in  order  not  to 
waste  time,  but  unless  care  is  taken  the  distillation  will  start  too 
rapidly  and  there  will  be  losses  in  the  form  of  uneondensed  vapor. 
In  consequence  the  actual  percentages  will  be  higher  than  those  read 
and  the  temperatures  may  likewise  be  noticeably  high.  If,  however, 
the  distillation  loss  is  not  permitted  to  exceed  the  stated  amount  this 
difficulty  can  be  avoided.  In  case  the  gasoline  to  be  tested  contains 
considerable  proportions  of  constituents  difficult  to  condense,  the  con- 
denser trough  may  be  filled  with  a  freezing  mixture  and  the  receiver 
also  kept  cooled.  If  this  is  done,  it  is  desirable  to  measure  out  the 
original  charge  at  the  temperature  of  this  freezing  mixture  in  order 
to  avoid  discrepancies  due  to  changes  of  volume  with  temperature. 


CENTIGRADE   SCALE    COMPARED    WITH    FAHRENHEIT. 

Equivalent  temperature  degrees  on  the  Centigrade  and  the  Fahren- 
heit scale  are  shown  in  the  table  below : 

Table  1. — Centigrade  scale  compared  with  Fahrenheit. 
Range,  30°   C.   (86°   F.)  to  309°   C.   (588°   F.). 
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88 

90 

91 
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118 
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5 
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6 
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7 

158 
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163 
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8 
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9 
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203 
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223 
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232 
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273 
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309 
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316 
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342 
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18.... 
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19.... 
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541 

543 
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30.... 
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PUBLICATIONS  ON  PETROLEUM  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director.  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to 
the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

Bulletin  125.  The  analytical  distillation  of  petroleum,  by  W.  P.  Rittman  and 
K.  W.  Dean.     1916.     79  pp.,  1  pi.,  16  figs. 

Bulletin  134.  The  use  of  mud-laden  fluid  in  oil  and  gas  wells,  by  J.  O. 
Lewis  and  W.  F.  McMurray.     1916.     86  pp.,  3  pis.,  18  figs. 

Technical  Paper  32.  The  cementing  process  of  excluding  water  from  oil 
wells,  as  practiced  in  California,  by  Ralph  Arnold  and  V.  R.  Garfias.  1913. 
12  pp.,  1  fig. 

Technical  Paper  37.  Heavy  oil  as  fuel  for  internal-combustion  engines,  by 
I.  C.  Allen.     1913.     36  pp. 

Technical  Paper  38.  Wastes  in  the  production  and  utilization  of  natural 
gas,   and   methods  for  their  prevention,   by   Ralph   Arnold   and   F.   G.   Clapp. 

1913.  29  pp. 

Technical  Paper  42.  The  prevention  of  waste  of  oil  and  gas  from  flowing 
wells  in  California,  with  a  discussion  of  special  methods  used  by  J.  A.  Pollard, 
by  Ralph  Arnold  and  V.  R.  Garfias.     1913.     15  pp.,  2  pis.,  4  figs. 

Technical  Paper  45.  Waste  of  oil  and  gas  in  the  Mid-Continent  fields,  by 
R.  S.  Blatchley.     1914.     54  pp.,  2  pis.,  15  figs. 

Technical  Paper  66.  Mud-laden  fluid  applied  to  well  drilling,  by  J.  A.  Pol- 
lard and  A.  G.  Heggem.     1914.    21  pp..  12  figs. 

Technical  Paper  68.  Drilling  wells  in  Oklahoma  by  the  mud-laden  fluid 
method,  by  A.  G.  Heggem  and  J.  A.  Pollard.    1914.    27  pp.,  5  figs. 

Technical  Paper  70.  Methods  of  oil  recovery  in  California,  by  Ralph  Arnold 
and  V.  R.  Garfias.    1914.     57  pp.,  7  figs. 

Technical  Paper  72.  Problems  of  the  petroleum  industry,  results  of  con- 
ferences at  Pittsburgh,  Pa.,  August  1  and  September  10,  1913,  by  I.  C.  Allen. 

1914.  20  pp. 
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Technical  Papee  79.  Electric  lights  for  oil  and  gas  wells,  by  H.  H.  Clark. 
1914.    8  pp. 

Technical  Paper  87.  Methods  of  testing  natural  gas  for  gasoline  content,  by 
G.  A.  Burrell  and  G.  W.  Jones.    1916.    26  pp.,  7  figs. 

Technical  Paper  104.  Analysis  of  natural  gas  and  illuminating  gas  by  frac- 
tional distillation  in  a  vacuum  at  low  temperatures  and  pressures,  by  G.  A. 
Burrell,  F.  M.  Seibert,  and  I.  W.  Robertson.    1915.    41  pp.,  7  figs. 

Technical  Paper  117.  Quantity  of  gasoline  necessary  to  produce  explosive 
vapors  in  sewers,  by  G.  A.  Burrell  and  H.  T.  Boyd.    1916.    18  pp.,  4  figs. 

Technical  Paper  127.  Hazards  in  handling  gasoline,  by  G.  A.  Burrell.    1915. 

12  pp. 

Technical  Paper  130.  Underground  wastes  in  oil  and  gas  fields  and  methods 
of  prevention,  by  W.  F.  McMurray  and  J.  O.  Lewis.    1916.    28  pp.,  1  pi.,  8  figs. 

Technical  Paper  131.  The  compressibility  of  natural  gas  at  high  pressures, 
by  G.  A.  Burrell  and  I.  W.  Robertson.    1916.    11  pp.,  2  figs. 

Technical  Paper  161.  Construction  and  operation  of  a  single-tube  cracking 
furnace  for  making  gasoline,  by  C.  P.  Bowie.    1916.    16  pp.,  10  pis. 

Technical  Paper  163.  Physical  and  chemical  properties  of  gasolines  sold 
throughout  the  United  States  during  the  calendar  year  1915,  by  W.  F.  Rittman, 
W.  A.  Jacobs,  and  E.  W.  Dean.    1916.    45  pp.,  4  figs. 

PUBLICATIONS    THAT    MAY    BE    OBTAINED    ONLY    THROUGH    THE    SUPERIN- 
TENDENT OP  DOCUMENTS. 

Bulletin  19.  Physical  and  chemical  properties  of  the  petroleums  of  the  San 
Joaquin  Valley,  Cal.,  by  I.  C.  Allen  and  W.  A.  Jacobs,  with  a  chapter  on  analyses 
of  natural  gas  from  the  Southern  California  oil  fields,  by  G.  A.  Burrell.  1911. 
60  pp.,  2  pis.,  10  figs.    10  cents. 

Bulletin  32.  Commercial  deductions  from  comparisons  of  gasoline  and  alco- 
hol tests  on  internal-combustion  engines,  by  R.  M.  Strong.    38  pp.    5  cents. 

Bulletin  43.  Comparative  fuel  values  of  gasoline  and  denatured  alcohol  in 
internal-combustion  engines,  by  R.  M.  Strong  and  Lauson  Stone.  1912.  243  pp., 
3  pis.,  32  figs.    20  cents. 

Bulletin  65.  Oil  and  gas  wells  through  workable  coal  beds ;  papers  and  dis- 
cussions, by  G.  S.  Rice,  O.  P.  Hood,  and  others.  1913.  101  pp.,  1  pi.,  11  figs. 
10  cents. 

Bulletin  88.  The  condensation  of  gasoline  from  natural  gas,  by  G.  A.  Bur- 
rell, F.  M.  Seibert,  and  G.  G.  Oberfell.    1915.    106  pp.,  6  pis.,  18  figs.    15  cents. 

Bulletin  114.  Manufacture  of  gasoline  and  benzene-toluene  from  petroleum 
and  other  hydrocarbons,  by  W.  F.  Rittman,  C.  B.  Dutton,  and  E.  W.  Dean, 
with  a  bibliography  compiled  by  M.  S.  Howard.  1916.  268  pp.,  9  pis.,  45  figs. 
35  cents. 

Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Gov- 
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